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If now the CO be burned to CO" the·sensible heat 
produced will be equal to 10,093 X 2 = 20,186 B. t. u. 

Total, 40,372 B. t. u. 
But the quantity of heat absorbed in the gasificat.ion 

of the 2 pounds of carbon has disappeared as heat by 
its conversion into molecular work; and this is 5,642 
X 2 = 11,284 B. t. u. 

Net for 2 pounds of carbon, 29,088 B. t. u. 
And for 1 pound of carbon burned to CO". 14,544 B. 

t. u. 
The loss of heat attending the formation and release 

to the air of CO, about 70 per cent. , is serious; but the 
residuary heat is subject to all the absolute losses at 
the chimney, by radiation and otherwise, and not more 
than one-sixth to .one-fifth of the full heating power 
of the carbon is available. 

Fortunately, this danger is not as great as it appears. 
Carbon monoxide can be formed very readily, and its 
formation can be as readily avoided. It has been de
monstrated that only minute traces need ever be form
ed in any reasonably well-managed boiler furnace, while 
dampers are open and the fires are burning freely. 
While the fires are banked, the proportion of carbon 
burned to CO is large, although the actual quantity is 
relatively small. Bituminous coal suffers less loss from 
this cause than anthracite; on which account it is ad
vantageous to use bituminous coal for banking anthra
cite fires. A crust is formed, beneath which the escap
ing CO is conducted to orifices through which it issues 
to burn like ordinary jets of gas. But dampers should 
be made to shut as tight as possible. 

Combustion cannot be carried on with less than 20 
pounds of atmospheric air for each pound of anthra
cite, ahd something more for bituminous coal, which 
usually has as much carbon as anthracitfl has, and 3 or 
4 per oent. of hydrogen in addition. The time allowed 
for combustion, only 3 or 4 seconds, even with exter
nally fired boilers, is too short to permit a more com
plete absorption 6f the oxygen than about one-half of 
that which entered through the grates and through the 
fire. No air should enter in any other way, and great 
care should be taken to prevent all leakage through 
brickwork and around doors and arch fronts. 

The two things about a fire most important to be 
known are, ji1'st, the temperature of the escaping 
gases, and second, their composition, which, taken in 
connection with the weight and analysis of the coal 
burned, will give the quantity of the gases. No details 
of the process of analyzing the gases can be given here. 
The v( lumetric method, by the use of the Winckler 
apparatus, is easy and expeditious, and (in skill
ful hands) reasonably accurate. The gravimetric 
method, conducted by an expert chemist, gives the 
weight of coal burned as accurately as it can be 
weighed at the furnace door. Care must be taken to 
procure fair samples for analysis, as heterogeneous mix
tures of gases exist at the same instant in boiler flues 
and chimneys. 

REP AIRING BROKEN CRANK-SHAFTS. 
OUR illustration represents a novel and very effect

ive method of repairing broken crank-shafts, invented 
by Mr. Henry Foster, Newburn Steel Works, N ewcas
tle-on-Tyne. 

It is well known, says Engineering, that the break-

ages of crank-shafts almost invariably occur at the 
angle formed by the junction of the crank-pin and 
crank-web, where the forgingi8 most likely to be defect
ive, and where the change of form of the shaft throws 
great local stresses on the material. 

These breakages are evidently produced more by 
bending than by twisting strains, and on the slightest 
indication of fracture at the points mentioned, the 
shaft, although perfect in all other respects, has hith
erto been condemned as useless, and another entirely 
new shaft substituted, involving considerable outlay, 
only to be repeated on another indication of flaw. 

In the method which we illustrate, instead of throw-

THE WENHAM LIGHT. 
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No.1 
" 2 

" 3 

55'00 
122'50 
171'00 

Light per cubic 
foot of gas. 

8'60 
9'50 

11'40 

Mr. Hartley remarks about the above figure� that the 
vertical lighting power on the average of the tests was 
more than 50 per cent. greater than with angular light
ing. The "total light" and "light per cubic foot" 
mean the light of standard sperm candles, and the fig
ures gives the number of these which it would have 
been needful to burn at one time to produce a light 
equivalent to that of the Wenham lamp. The averl1ge 
amount of light yielded per cubic foot of gas burned 
from an average burner does not exceed, he says, the 
equivalflut of 2'6 standard sperm candles. 

FIG. 1 

I 
FIG. 3. 

of the lal.l}p are, says The Enginee1", exceedingly large, Dr. John Hopkinson, F.R.S. , and Mr. George Livesey namely, that it increases the illuminating power of i have also tested the flame of the lamp photometrically; 
comillon gas from 200 to 400 per cent. , and that, too, . their result� given below agree closely with those of 
without charging the gas With additional hydrocar- Mr. Hartley; 

, 
bons. In the ·Wenham lamp the gas is burnt down-

Lamp. Feet per hour. Total light. Equivaleut per 
cubic foot. 

ward instead of upward, and the cOlllmon air is heated 
before it reaches the flame; as a gas flame consumes 
about fifteen times as much air as gas, care is taken to 
heat this air as much as possible before it comes into _____________ ____ . ________ _ 
contact with the gas. The flame of the Wenham lam p 
has the form of a flat, horizontal ring, resembling a 
quoit in shape, but not so large when the lamp is of 
any ordinary size. The flame has no invisible or blue 
part to it, but over its whole area is intensely and 
equally luminous, and is more painful to the eyes than 

No.1 
" 2 
" 3 

6'4 
12'8 
15'1 

Candles. 

54'1 
121'6 
173'9 

Candles. 

8 5 
9'4 

11'4 

!1 gas �a�e to look �t for �ny l�ngth .of time, because of i I n  these tests, taken a t  45 deg. from the vertical, reItS brIlhancy and ItS bemg richer I� the rays o.f the 
I
' flectors were used. The same referees report that" at !Jlue e�ld of the spectrum. T.he;e Is;ll�tle or no fllC�e;- Mr. Wenhaiil's express desire the experiments were Il!g With the flame,. or va!latlOn m.lts form, but ItIS. made with the lamps complete with their reflectors, Simply a steady, l�mmo.us rmg. . " I just as they would be used, and the light was tested The aceomp�nym� dlag�am, .FIg:. 1, reI?re�ents the both at the vertical and angularly at 45 deg." The whole arrangement. In thiS cu� A IS the all' Illlet,. and average light directly under the lamps at t.he same disB the . re.generator ; the latter IS somewhat maSSively tance from the flame was about 55 per cent. more than made m Iron, and . take� up the �eat fr�ml tJ;le gas-flal,Ile at 45 deg. below to commumcate It to t.he mcomlllg au . A cylm- I Some photometric tests of the economy of the Wender, C, conve,ys the h�ated all' to the burner through, ham light made in comparison with an ordinary gas perforated disks ; D IS the burner, E the flame, F the, flame under the same conditions in each case-that is reflector, G the fastener of the ring, J, which carries' to say both without reflectors-would be of scientific �he lamp-gla�s, K, and has a hing� at H ... The chimney intere�t. At the same time, the Wenham light is of IS. at L, M IS the gas supply pipe, and N the heat unusual brilliancy, as any visitor to the exhibition disperser. Illay see at a glance It was necessary that the glass hemisphere, K K, . 

should be light, and this was a dHficulty, most of those ======== 

THE INFLUENCE OF MAGNETISM UPON THE 
CHARACTER OF THE SPECTRAL LINES. 

By CR. FIEVEZ. 
ing away the whole shaft, the fractured pin and webs FARADAY'S discovery (1846) of the rotation of the 
are turned off, leaving a small boss at each end of the � plane of polarization of lis:ht under the influence of 
two parts of the shaft; upon these bosses there is fixed magnetic forces made mamfest the relation existing be-
another crank-pin, A, together with its two crank- tween polarized light, magnetism, and electrieity. 
web A, B B, formed in one piece. The new cranks are The action of magnetism upon the electric spark 
shrunk on to the lengths of shaft forming the body of while passing through highly rarefied gases was plainly 
the crank shaft, and afterward further secured by shown by the researches of De la Rive and by the 
means of keys. The end of each length of shaft, C C, spectroscopic experiments of Treve, Daniel, Secchi, and 
at its junction with the crank-web, is left somewhat Capron. 
larger in diameter than the other part of the shaft, so According to De la Rive and Daniel, this phenomenon 
as to enable the keys which secure the crank·webs to obeys the laws of electro-dynamics, and the results ob-
the body of the shaft to be driven in from the outside served, the increased luminous power of the spark and 
of the crank-webs in the direction of the arrows. A of its spectrum, are due to a local condensation of the 
broken crank-shaft after being thus repaired is now gaseous medium. Secchi, on the other hand, ascribes 
working and giving perfect satisfaction where three them to the dimagnetism of the gases, i. e., tf) a re-
new crank-shafts had previously broken. FIG. 2. pulsion which the magnet exerts upon the rarefied gases 

The invention is not confined solely to the repairing occasioning a strong diminution of the gaseous sur 
of crank-shafts, but is applicable also to the manufac- in the market being heavy, with a very thick glass face in the section of the tube traversed, and thereby 
ture of new crank-shafts, which, when thus made, are rim at the top. Some of lighter form and better quality an elevation of temperature. 
essentially built shafts without the disadvantage of are made in Paris. The company so far has been using According to these. physicists, the influence of 
having II. large amount of unbalanced material at tne bowls of thin glass cut from the ends of flower shades, magnetism upon a spark traversing rarefied gases de
crank-pin end of the webs. The crank-pin with its two and fitted with an artificial rim invented and patented 

I 
pends merely in a change of the resistance of the gases 

webs in one piece is preferably made in one casting of by Mr. Wenham ; it consists of a band made of asbes- thus traversed. Cazin has also concluded from Secchi's 
special mild steel, while the other parts of the shaft tos, cemented to the glass by silicate of soda. experiments that" there is no spectrum peculiar to 
are forged. A section of the burner is represented in Fig. 2. In I magnetism, i. e., that the magnet exerts no direct 

The Board of Trade have decided to approve of this this cut A is the porcelain burner, held in position by! action upon the rays emanating from the source of 
shaft, "on condition that a surveyor of the Board of the ring, B. C is a perforated disk, and D a perforated light." 
Trade should witness the testing of the pieces which button ; E the stem supporting the button, F the gas I This inference, however, goes beyond the known 
are required to be cut from each shaft and each web way to the burner, G a perforated dome, H a ring facts, for nothing forbids us, on the other hand, to 
and pin, for tensile strength, elongation, and bending, secured by a bayonet lock, K the external cylinder, L ascribe thfl increased luminosity of the spark and its 
in accordance with the usual practice, and the results I the gas supply pipe, and M the flame. The gas issues spectrum to the action of the magnetism upon the 
of the tests be submitted to the Board for approval"; in a horizontal curve from a ring of holes in the luminous rays themselves. 
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